Abstract. Among all the natural fiber, leather fiber is one of the animal fibers which is bearing hydrophilic and hydrophobic functional group. Leather is tanned with different types of chemicals and scraped crust leather containing chemical are coming from the leather industry after preparing footwear and leather products. In this research an attempt was taken to prepare composite with waste scrape crust leather. Leather fiber reinforced polyester resin based composites were prepared by wet layup method. Polyester content in the composite was varied from 100 ml to 40 ml and benzoyl peroxide was used as a radical initiator. Tensile strength (TS), Young modulus and elongation at break (Eb) were measured. Tensile strength found to increase from 9.80 MPa to 10.85 MPa. Young's modulus was found highest in 70:5 ratios and it was 158.16 Mpa. Scraped crust reinforced composite will reduce the environmental pollution. So it can be concluded that scraped crust leather reinforced composite was found to have better result than matrix and reinforced material.
Introduction
Composites are a versatile and valuable family of materials that can solve problems of different applications. They facilitate the introduction of new properties in materials. Recycling and renewing natural resources are giving a new dimension in discovering new materials [1] [2] [3] . In recent years, research interests are given on natural fiber reinforced polymer matrix composite instead of conventional inorganic fiber reinforced composite. In many cases natural fibers reinforced composites have good potential. The development of environment friendly 'green' materials is because of natural fiber's biodegradability, light weight, low cost, high specific strength compared to glass and carbon fiber. Fiber-reinforced composites are used in a variety of structural applications like aerospace, automotive parts, sports and recreation equipment, boats and office products, machinery, etc. For specific purposes specific characteristics materials are used and at the same time being non-polluting and environmentally friendly for that they becoming popular day by day due to the lack of resources and increasing environmental pollution [4] [5] [6] . In this study animal fiber i.e leather fiber was chosen as a reinforced in composite. Leather is natural polymer of amino acid monomer. For thousands of years, leather, as one of the collagen materials, has been among the most dominant fibrous materials used by humans. Leather is a general term for hide or skin with its original fibrous structure more or less intact, tanned or treated to be non-putrescible. The reason is to be found in the remarkable structure of leather, which is made up of millions of tiny string-like fibrils. Leather fibers are medium in length [7, 8] . Leather is a natural fiber but when it is finished then a lot of chemicals are incorporating into it. When this crust leather scrape is dumped the very quickly the chemical are releasing to the environment. After preparing the crust scrape leather composite, it will reduce the environmental pollution. For that reason leather industry plays a significant role in global economy. Leather is transformed into chemically and physically stable material by chemical and mechanical process. Our study investigates the properties of solid waste generated from different types of leather product -producing from industry i.e. garment, shoe upper, different leather products etc. Several researchers studied on leather waste and found that approximately 200 kg leather is manufactured 1 tone of wet-salted hide. More than 60% of rawhide weights are disposed to the environment by leather factories without turning them to good use. According to the Food and Agricultural Organization (FAO) data, it has been reveals that approximately 8.5 million tons of solid waste is generated during the production of 11 million tons of rawhide processed in the world [8] [9] . For that in this study an attempt was taken to recycle this scraped crust leather for valuable composite. This composite will be fibrous composite. Dispersed phase of this composite is fiber which will improve strength, stiffness and fracture toughness of composite [10] [11] [12] . Matrix in such materials serves not only as a binder of the fibers but also keeping them in a desired shape and protecting them from mechanical or chemical damages. As tanned leather substance has low thermal stability (~110 0 C) for that polyester resin was chosen as a matrix.
Initially the liquid resin is converted to a solid by cross-linking chains. This is done by creating free radicals at unsaturated bonds, which propagate in a chain reaction to other unsaturated bonds in adjacent molecules, linking them in the process. The initial free radicals are induced by adding a compound that easily decomposes into free radicals. However, in this research benzoyl peroxide has been added as an additive to improve the physico-mechanical properties of the composite. Benzoyl peroxide was used as a radical initiator. This benzoyl peroxide has improvement of physico-mechanical properties of the composite. Benzoyl peroxide (as an additive) has been reported in several research works, on natural fiber reinforced composite [10, [12] [13] [14] [15] [16] [17] [18] . The present work deals with the mechanical and morphological characteristics of the scrap crust leather reinforced polyester composite.
Experimental Method

Materials
Crusted scrap leathers were collected from Hazaribag leather industry. These crusted scrap leathers were representing vegetable-tanned leather, chrome-tanned leather, aldehyde-tanned leather, synthetic-tanned leather, alum-tanned leather. Crusted scrap leather is shown in Fig. 1 Polyester resin for matrix was purchased from Polyolefin Company Limited, Singapore. Polyvinyl alcohol was purchased from Loba Chemie Private Limited, Mumbai, India Benzoyl peroxide was purchased from BDH, UK. 
Preparation of Scrap Crust Leather
For composite preparation at first the scrap crust leathers were ground two times in the grinding machine to obtain particle sizes of 300-500 microns.
Preparation of Polyester Resin Solution
In a beaker, 100 ml of unsaturated polyester resin was taken. In another beaker 5 ml of 10% PVA solution was taken and stirred for 10 minutes in stirring machine at heated to 100 0 C. In the PVA solution beaker resin was poured to prepare the matrix of the composite.
Preparation of Composite
For the research purposes 6 samples of leather-polymer composite was fabricated and sample no 1 was only polyester resin. In the preparation of sample no: 2, at first 5 gm of ground scrap leather was taken in a beaker. In another beaker 100 ml of unsaturated polyester resin was taken. In the second beaker 5 ml of 10% PVA solution was taken and stirred for 10 minutes in stirring machine for mixing with resin to prepare the matrix of the composite. The matrix solution was then poured in the first beaker for mixing with the ground leather fiber. Again the mixture was stirred for 10 minutes in stirring machine. After that 1 ml of benzoyl peroxide was added in the solution mixture and the final solution mixture was stirred for 5 minutes in the stirring machine. Finally the solution mixture was poured on to a polystyrene sheet (30 cm × 25 cm). The solution mixture was sandwiched between the two polystyrene sheets. After that, required amount of load was applied on the polystyrene sheet with a steel plate to acquire a required thickness. The mixture is then left so that the resin will cure, usually at room temperature. To manufacture of sample no. 3, 4, 5, 6, 7 the same procedure was taken but the amount of resin are 90ml, 70ml, 60ml, 50ml & 40 ml respectively. So in sample 1 resin and fiber ratio was 100:0, in sample 2 resin and leather fiber ratio was 100:5, in sample 3 resin and fiber ratio was 90:5, in sample 4 resin and fiber ratio was 70:5, in sample 5 resin and fiber ratio 60:5, in sample 6 resin and fiber ratio was 50:5, in sample 7 resin and fiber ratio was 40:5. 
Mechanical Properties
The tensile and bending properties of the composites were determined according to DIN 53455 and DIN 53452 standard methods by a Universal Testing Machine (Hounsfield Series S, UK). The crosshead speeds used was 10mm/min for tensile strength and bending strength. At least 5 specimens were tested for each set of samples and the mean values are reported. The test samples were conditioned at 25 0 C and 50% humidity for several days before testing. All the tests were performed using same environmental conditions.
Microstructural analysis Scanning Electron Microscope
Composite fracture part was dried at 100 0 C for to make moisture free. The non-conducting surface of the composites was coated with gold in agar auto sputter coater (model 108A, England) before subjected to Scanning Electron Microscope. The fiber matrix adhesion of the tensile fracture surface of the composites was examined by Scanning Electron Microscope (model XL 30, Philips, The Netherlands).
Result and Discussion
Optimization of Crust Scrap leather Content in the Composites on the Basis of Their Mechanical Properties
Optimization of crusted scrap leather content in the composites was done on the basis of their mechanical properties. Table 1 depicts the changes of the tensile strengths of the samples with the variation of the ratio of the matrix. It showed that the strength of the composite (100:5) increases than the polyester polymer (100:0). This suggests that the interfacial bonding between the fiber and the matrix is better in case of 100:5 composite. In case of 70:5 composite the tensile strength is higher than 100:5 composite, which means that the interfacial bonding was very good. But in the case of 60:5 composite the decrease of tensile strength is very high. This phenomenon indicates that the ratio of resin to fiber is not very interlinked at this point, so the interfacial bonding is not good. Again the tensile strength of 50:5 composite is better than 40:5 composite, which indicates that the tensile strength is dependent on the ratio of the resin to fiber. Table 1 shows the tensile strength (TS) with varying crusted scrap leather content of the composite. :5) 5.34±0.38 Figure 3 represents that the Elongation at break at first decreases from point 100:0 to 70:5 . It indicates that up to this composition (decreasing region ) the ductility is decreasing, in another word stiffness is increasing. After that the increase of the Elongation up to 40:5 indicates that up to this composition (increasing region), the ductility is increasing. This is due to the amount of crosslink density. If the amount of crosslink density is decreased due to the loss of interfacial adhesion among the constituent phases in the blends, the tensile strength value is reduced with increasing the elongation at break. It indicates that up to this composition the fiber and the polymer are well distributed. The stiffness also increases in this region. After that the decrease of the Young's Modulus rapidly up to 40:5 indicates that up to this composition (decreasing region) the fiber and the polymer are not well distributed. The stiffness also decreases in this region [19] [20] . Figure 5 is representing the external appearance of different ratio composite. 
Scanning Electron Microscopy (SEM)
SEM is considered an important tool in the study of composites since it can provide essential information about the degree of fiber-matrix adhesion and fiber dispersion in the matrix. SEM of the fracture surface of polyester and different ratio content composites are shown in Fig. 6(a) and (b)-(f) , respectively. The fracture surface of the 100% polyester was found uniform in Fig. 6(a) . In the fracture side some portion was observed very rough, some portion was observed rough and also some striation was also observed. This is very common phenomena of fracture surface. In Fig. 6 (b) composition ratio was 100:5. Maximum portion of the fracture surface was shown to be uniform like Fig. 6 (a) and also some proportion was shown leather fiber. In this sample matrix and fiber interlock was observed. For that an increase in tensile strength and a decrease in Eb(%) was observed. Here matrix and reinforcement fiber interface interaction was observed. In Fig. 6 (c) composition ratio was 70:5 which was found best result among all the ratio of the composition. In the micrograph of 70: 5 ratio there observed a very good dispersion of leather fiber with polyester matrix. Distribution of leather fiber in matrix was very uniform. Matrix phase was not observed markedly in this micrograph. For that in this sample high tensile strength was observed for the matrix reinforcement interaction. Elongation at break was found to lowest in this sample because of load was distributed between matrix and leather fiber [21] . For that Young's modulus was also found highest in this sample, because this sample has bearded the highest load and lowest strain. Figure 6 (c) indicates that there were no fiber pull-out and fairly clean fiber surface was observed. Considerable amount of matrix polymer residue remains on the fiber was observed. Another aspect of the SEM photographs of the composites is fiber-matrix adhesion. The presence of polymeric links to the fibers is an indication of a strong fiber-matrix bonding, and, similarly, the lack of polymeric links represents a weak bonding. As shown in Figs. 6(d-f) , in the fracture surfaces of the composite were seen that fibers were pull-out and no matrix adhering with fibers was observed. This result seems to indicate that the fiber-matrix adhesion is weak, maybe resulting from the lack of chemical reaction between the leather fibers and the polyester. Therefore, the fiber-matrix bonding is the result of mechanical interlocking between them. In this case, the stress transfer between the fibers and the matrix was due primarily to friction [22] . It is believed that an improved adhesion will be obtained if the leather fiber is surface-treated in further studies, and, hence, composites of higher strength can be prepared. 
Conclusion
Crust scrape Leather-reinforced semi-biocomposite was prepared using solution-impregnation technique. Polyvinyl alcohol (PVA) was added into the matrix solution and the effects of PVA modified polyester matrix on the mechanical and morphological properties of the composites were investigated. Both the mechanical and morphological properties of the composites were improved by the addition of PVA in the composite. The 5 gm leather fiber and 70 gm polyester containing composite showed better improvement in TS, Eb of the composites was also observed for the composites containing 10.85 MPa and 6.82% respectively. Scanning electron micrographs of the composites showed smooth surface and better matrixfiber adhesion. So it can be concluded that pollution creating crust scrap leather can be reused and recycled into semibiodegradable biocomposite which can reduce environmental pollution and also composite can be used in valuable products.
